Summary. The development of the temperature difference between the rectum and testis has been studied in 20-, 25-, 30-and 35-day-old as well as adult rats. Temperatures were recorded with thermocouple needles without anaesthesia. The temperature difference was approximately 3\ m=. \ 5\ s=deg\ C in the adult and 35-day-old animals. The difference was about 2\ s=deg\ C in the 25-and 30-day-old rats and about 1\ s=deg\ C in the youngest ones. The three younger groups (20, 25 and 30 days) had significantly higher intratesticular temperatures than the adult rats. In the young rats variations in body temperature between 35\ m=. \ 6\ s=deg\ C and 38\ m=. \ 4\ s=deg\ C did not significantly affect the rectum-testis temperature difference. In the adult rats, the difference began to increase when the rectal temperature rose above 37\ m=. \ 6\ s=deg\ C. The relationship of developing temperature difference to the onset of endocrine puberty, functional maturity of the seminiferous tubules and development of the scrotal sac is discussed.
INTRODUCTION
The difference in temperature between the mammalian testis and the rectum or abdominal cavity is well documented; this difference is maintained by the scrotum and vascular cooling mechanisms (Phillips & McKenzie, 1934; Harrison & Weiner, 1949; Dahl & Herrick, 1959; Waites & Moule, 1961) . A scrotal location is, indeed, of vital importance to the testis, because even vascular heat exchange can cool the testes only if heat is being lost through the scrotum (Waites & Moule, 1961) . On the other hand, evidence is accumulating from both experimental (Dahl & Herrick, 1959) and some clinical (see Brown, Dubin & Hotchkiss, 1967) observations that the scrotal location of the testes is unable to keep them cool enough, if vascular heat exchange mechanisms are failing.
Numerous investigators have registered intratesticular temperatures in adult mammals, including the rat (Esser, 1932; Imig, Thompson & Hines, 1948; Harrison & Weiner, 1948; Elfving, 1950; Maekawa, Tsunenari & Yamamura, 1965) . The published values for the rat vary from 29°C to 35°C. In recent studies a difference of from 3°C to 5e C between abdominal and testicular temperatures has been reported (Elfving, 1950; Maekawa et al., 1965 ). This temperature difference seems to be essential for normal spermatogenesis, and it must apparently be established before the puberal development of germ cells. However, there are so far no investigations concerning the intratesticular temperature and the thermo-regulatory mechanisms during the post-natal life of the rat. On the other hand, the general puberal development of the male rat has been carefully recorded, including the development of the scrotal sac at the age of 9 weeks as a receptacle for the descending and growing testis (Andrews, 1940) .
In the present work testis temperatures have been studied through the post¬ natal prepuberal life of the rat, and the development of the temperature differ¬ ence between rectum and testis correlated with the onset of other manifestations of puberty.
MATERIAL AND METHODS Animals
Altogether thirty-one white male rats of the Sprague-Dawley strain were used. Eleven of them were adults, 2 to 6 months of age, weighing 250 to 400 g. The series of post-natal prepuberal animals consisted of 20-, 25-, 30-and To study the possible effect of external heating on the temperature difference between rectum and testis, testes of two adult and two 35-day-old rats were heated with a lamp for 5 to 10 min. As a result, the intratesticular temperature rose by amounts varying between 1-0 and 3-7°C , but it was never allowed to increase above the rectal temperature. The re-establishment of the rectumtestis temperature difference is shown in Text- fig. 1 , in which the diminution of the temperature difference in each testis caused by heating is taken as 100%. Although the mean elevation of intratesticular temperature produced was 2-6°C , the testes very rapidly cooled back towards their previous temperature, which was mostly regained after about 10 min. Therefore, measurement of the rectum-testis difference ( (Leblond & Clermont, 1952 fig. 3, 30 days) . The temperature difference between the rectum and the testis measured once a minute was averaged for each animal. Table 2 presents the mean values of these differences at a rectal temperature 37-2 + 0-60 C. From this material, the four animals used in the testicular heating experiments were omitted, as well as one 35-day-old rat, the record of which did not meet the given requirements for analysis in Table 2 .
In the adult and the 35-day-old animals the mean temperature difference was about the same, 3-47°C and 3-33°C , respectively, but individual variations were greater in the latter group. In the 30-day-old animals, however, the temperature difference (2-04°C) was significantly smaller than in the adult group [P< 0-001) and slightly smaller than in the 35-day group [P< 0-0125 Elfving (1950) (Moule & Knapp, 1950; Waites & Moule, 1961) . In the present study, the testicular temperature of the rat, in addition to rapid elevation, also rapidly approached normal values after external heating was discontinued. This capacity has been claimed to be a consequence of the vascular heat exchange mechanism, which enables the temperature of all the testicular tissue to approach that of the inside of the scrotal skin (Waites & Moule, 1961) . The venous portion of the rat testicular vasculature is located entirely on the surface of the testis, just beneath the scrotum, without any direct veins of larger size (Kormano, 1967) . The venous blood is, therefore, effectively cooled before it surrounds the warm arterial inflow. As a consequence an artificially elevated intratesticular temperature can be lowered by more than 1°C within 2 min at room temperature (Text- fig.  1 ). Therefore, the value of the method used earlier by Elfving (1950) for measuring the intratesticular temperature of rats after they had been kept at an environmental temperature of 30°C is questionable. The importance of the scrotal location of the testes for their temperature regulation is generally admitted. A constant temperature difference between the rat abdominal cavity and the testis seems to persist even under widely altered environmental tem¬ perature conditions (Elfving, 1950) . The difference between testicular and body temperatures, although fairly well maintained when the testes were in the scrotum, became rapidly disturbed after the testes with their thermocouples were pushed into the inguinal canal. Because it was impossible to push the testis into the scrotal sac in very young rats, animals less than 20 days old could not be studied.
Temperature difference between rectum and testis
The temperature difference observed in the present study between the rectum and testis in adult rats (about 3-5°C ) is in agreement with earlier observations (Elfving, 1950; Maekawa et al., 1965) . However, the very early results published by Esser (1932) (Cross & Silver, 1962; Waites & Voglmayr, 1962 , 1963 . A striking increase has been observed in the venous network on the surface of the testis between the ages of 30 and 35 days (Kormano, 1967) , and this may be an important step towards cooling the returning venous blood more effectively.
Germinal cell development in relation to testicular temperature A low temperature in the testis is necessary for normal spermatogenesis because normal body temperature rapidly destroys the germinal epithelium (Moore, 1924) . The spermatids are known to be the most sensitive to elevated temperature (Niemi & Kormano, 1965 ; Davis & Firlit, 1966) . Mature spermato¬ zoa are first seen in the seminiferous tubules of the rat at the age of about 45 to 48 days (Clermont & Perey, 1957; Huckins, 1965) . Because the spermiogenic part of the spermatogenic cycle of both immature and adult rats lasts 12 to 13 days (Clermont, Leblond & Messier, 1959; Huckins, 1965) , the first spermatids which are able to develop into spermatozoa are produced after the age of 25 days. To prevent these highly sensitive cells from degenerating, a relatively low testicular temperature at this age seems reasonable. The testicular temperature of about 35°C at the age of 25 and 30 days seems also to be of importance for the development of the more primitive germ cells. Davis & Firlit (1966) reported that experimental cryptorchidism at this age causes an arrest of the spermatogenic cycle at the pachytene primary spermatocyte level of develop¬ ment. Anyway, the temperature, which is higher in the immature testis than in the adult, may cause some degenerative changes in the spermatids observed in the present study. These degenerative changes have been carefully described by Allen & Altland (1952) .
Relationship between rectal and testicular temperatures
The mean rectum-testis temperature difference was seen to be constant in spite of large variations in the rectal temperature. The slight increase in the temperature difference observed at increased rectal temperatures in adult rats may be a manifestation of an activated cooling mechanism. Andrews (1940) reported that the scrotum does not reach complete functional maturity before the age of 9 weeks in the rat. A somewhat different reaction at higher tempera¬ tures between adult and 35-day-old animals may result from functional im¬ maturity of the scrotum in the 35-day group, although both groups had a very similar temperature difference at normal rectal temperatures. In most earlier investigations heat has been applied directly to the scrotum or the whole animal has been surrounded by an elevated temperature. 
